CdSe@ZnS nanocrystals have been prepared by a two-step solid state mechanochemical synthesis. CdSe prepared from elements in the rst step is mixed with ZnS synthesized from zinc acetate and sodium sulde in the second step. The crystallite size of the new type CdSe@ZnS nanocrystals determined by X-ray diraction Rietveld rened method was 35 nm and 10 nm for CdSe and ZnS, respectively. Energy dispersive/transmission electron microscopy/energy dispersive spectroscopy methods show good crystallinity of the nanoparticles and scanning electron microscopy elemental mapping illustrate consistent distribution of Cd, Se, Zn and S elements in the bulk of samples. UVVIS spectra show an onset at 320 nm with calculated bandgap 3.85 eV. This absorption arises from the vibration modes of ZnS bonds. The nanocrystals show the blue shift from the bandgap of bulk ZnS (3.66 eV). The synthesized CdSe@ZnS nanocrystals have been tested for dissolution, cytotoxicity and L-cysteine conjugation. The dissolution of Cd was less than 0.05 µg mL −1 (in comparison with 0.8 µg mL −1 which was evidenced for CdSe alone). The very low cytotoxic activity for selected cancer cell lines has been evidenced. CdSe@ZnS nanocrystals coated with L-cysteine are water-soluble and have a great potential in biomedical engineering as uorescent labels.
Introduction
Semiconductor nanocrystals appear to be interesting objects for studying basically novel properties of matter, generally described as size quantization eects. In principle, the electronic and optical properties of semiconductor nanocrystals are tunable by varying their shape and size [1] . In recent years research into properties of semiconductor nanocrystals moved from basic research to applications in material and life sciences [2] . CdSe--core quantum dots represent a new nanomaterial which thanks to its optical properties has been shown to be a useful alternative to uorescent dyes [35] .
In previous works on cadmium-chalcogenide nanocrystals, a high-temperature organometallic procedure with the solvent tri-n-octylphosphine oxide in an inert atmosphere was used [6] . Cadmium organics have been later substituted by use of greener Cd sources such as cadmium acetate, carbonate, or oxide [7] . However, this * corresponding author; e-mail: balaz@saske.sk green synthetic strategy did not lead to the elimination of Cd-toxicity [8] , which is the main issue with semiconductor nanocrystals as uorescent labels. This toxicity correlates with surface oxidation, decrease of size of nanocrystals and disruption of crystal lattice. The choice of ZnS as a shell for the capping of CdSe cores is guided by the need for a semiconductor with a wider bandgap than the core [9] . The addition of ZnS surface coating results in the increase of the quantum yield and stability of nanocrystals, the decrease of the surface oxidation and resulting cytotoxicity [4] . ZnS shell passivates the CdSe core surface, protects it from oxidation, prevents the leakage of the cadmium and selen into surrounding solution and also improves the optical properties [10] . Moreover, surface sulfur atoms of ZnS can be made water-soluble via surface modication by using biomacromolecules [11, 12] .
However, only the high-temperature solvent/ligand mixtures have been applied in the synthesis of CdSe@ZnS nanocrystals till now [9, 10] were added into the mill and further milled to prepare 12 g of CdSe@ZnS. The owchart of the synthesis process and the further processing is given in Fig. 1 . 
In separate experiments CdSe@ZnS nanocrystals have been capped with L-cysteine using co-milling of CdSe@ZnS with 0.1243 g mL −1 L-cysteine for 30 min at rotation of the planet carrier 500 min −1 . After co--milling the sample was washed out several times with distilled water.
Characterization methods
X-ray diraction (XRD) measurements to perform the phase identication and the crystallite size determination were made with a D8 ADVANCE diractometer (Bruker, Germany) in thetatheta conguration in the BraggBrentano geometry. The LynxEye TM fast linear detector was used. The sample was prepared in silicon low background sample holder and measured from 15 to 120
• . The step size was 0.04
• and the counting time was set to 2 s per step. A phase identication was performed using the DiracPlus EVA software combined with the PDF4+ database. The crystallite size determination was performed using the DiracPlus TOPAS software (Bruker).
Optical studies were carried out using UVVIS spectrophotometer HELIOS GAMMA (Thermo, Great
Britain) in the range 200700 nm in quartz cell by dispersing the synthesized nanoparticles in absolute ethanol by ultrasonication.
For infrared spectroscopy study the IR spectrophotometer AVATAR FTIR 330 (ThermoNicolet, USA) was used in the frequency range 4000400 cm −1 using KBr pellet method.
Compositional analysis at microstructural level was carried out using a scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) techniques. A eld emission gun (FEG) scanning electron microscope (Hitachi S-4800) equipped with Bruker Quantax microanalysis based on energy-dispersed spectrometry was used.
Dissolution tests
The dissolution tests were conducted in a 500 mL glass phase to zinc blende structure has been documented in literature [12] . Milling II aimed at ZnS synthesis has shown the presence of {111} and {311} lattice planes as the rst and the third dominant peaks of a hexagonal ZnS phase [14] . However, the second dominant peak with {220} is masked due to a large broadening of the reection {311} lattice plane of CdSe. Generally, amor- The SEM analysis together with the elemental mapping is given in Fig. 4 . Figure 4a In the spectrum of pure L-cysteine (Fig. 5a ), the peak around 2550 cm −1 , which corresponds to the stretching vibration of the SH group is present [15] . The peak at 1380 cm −1 corresponds to the symmetric stretching vibration of COO − group and the peak at 1580 cm −1 corresponds to the asymmetric bending vibration of the
In the spectrum of pure L-cystine (Fig. 5c) , the broad strong peak at 3024 cm −1 corresponds to the stretching vibration of NH + 3 group [16] . The two peaks mentioned above, when talking about the spectrum of L-cysteine at −1 are also present in this spectrum at similar wave number.
Firstly we compared the spectrum of CdSe@ZnS co--milled with L-cysteine (Fig. 5b) to the spectrum of pure L-cysteine. We found out that some peaks are missing and some new are present. The most signicant change is the disappearance of the peak corresponding to the SH group vibration.
When we compared the obtained spectrum of CdSe@ZnS co-milled with L-cysteine with the spectrum of pure L-cystine, we found out that they are the same.
The presence of the two peaks in the region around 1380 and 1580 cm −1 also in this spectrum conrms that these groups are free [15] .
We conclude that L-cystine is formed from L-cysteine The cytotoxicity tests performed by standard method [18] for two selected cancer cell lines are illustrated in The mechanism has to be elucidated. 
